A prominent feature of formal writing, particularly in the field of science and technology, is the use of nominalization. Scientific writings, including medical writings, are expected to observe formality, precision, lack of ambiguity and concentration of highly technical terms. In such genres, the use of nominalization, affecting the lexical density of the text, plays a key role. In this connection, the purpose of this study was to compare the use of nominalization and the level of lexical density in medical academic articles written by native English writers and their Iranian counterparts based on the theory of grammatical metaphor proposed by Halliday (1985) .
Introduction
Owing to the importance of scientific writings, in general, and medical writings , in particular, in sharing the findings of their studies, the present work intends to focus on nominalization used in medical writing to communicate with the target audience. Scientific writing, as pinpointed by scholars ( namely, Galve (1998 and Biber, & Gray , 2010) ), follows a different structure, compared with the spoken version. To Galve, one important feature of the written scientific register is the use of noun phrases or nominalizations. He further argues that these nominal groups, which are very common in English medical journal texts, are not static. They are, instead, dynamic resources enabling the representation of shared semantic components in different ways. As systemic functional linguistics views nominalizations one of the prominent factors frequently used in formal scientific texts, this study is to compare and contrast this feature in medical papers by English and Iranian scholars.
1 Systematic Functional Linguistics
Languages can be viewed from different perspectives. A prominent viewpoint by which languages are analyzed and studied is Systemic Functional Linguistics (Halliday, 1985 , Halliday & Matthiessen, 2004 . This trend treats language as a semantic configuration of meanings that are typically associated with a particular context. In other words, language cannot be separated from either its speaker or its context.
Metafunctions of language
Systemic functional linguistics is a functional theory of language in which language is viewed in terms of how it functions in reality, in our real life. In other words, the basic question for studying language in this theory is how language helps us to convey our intentions the way we do. Halliday (1985) , the founder of the theory, interprets this functioning of language in terms of three metafunctions: ideational, interpersonal, and textual. The whole model of systemic functional linguistics is based on the relationship and interaction between these three metafunctions. The ideational metafunction of language deals with language as representation. In other words, it focuses on the role of language in representing and shaping reality (Taverniers, 2004; Briones, et al., 2003) . The interpersonal metafunction views language as interaction. The textual metafunction is concerned with the textual organization of the language, i.e. discourse. The relationship and interaction between these three metafunctions is the basis of the whole model of systemic functional linguistics (Thompson, 1996) . Each of these metafunctional representations of language can be IJALEL 3(6):1-6, 2014 2 expressed through metaphorical expressions, introduced by Halliday (1985) . Hence, we may have ideational metaphors as well as those of interpersonal and textual.
Grammatical Metaphor 1.3.1 Metaphor
The word metaphor is derived from the Greek meta-, which means "beyond" and pherein, which means "carry". Therefore, metaphor is a kind of movement from one thing to another; that is, one thing is carried beyond itself to something else which is somehow different (Taverniers, 2004) .
There are two types of metaphor, namely lexical and grammatical. The former is a feature belonging to the vocabulary of a language. In fact, lexemes express new, metaphorical meanings (Taverniers, 2004) . The following examples show how some words are used metaphorically:
The sky is crying./the face of a watch/The noise gave me a headache.
Grammatical metaphors refer to grammatical forms or grammatical means of expression (Briones, et al., 2003) . Generally, we realize people, places and things by means of nouns, actions by verbs and circumstances by prepositional phrases and adverbs. However, all meanings may have more than one way of realization. For example, in written language, particularly in the language of science the realizations of the semantic functions of the clause are not typical but marked. This realization forms grammatical metaphor (GM). A GM is "the process whereby meanings are multiplycoded at the level of grammar" (Martin, 1993b:230) . Thus grammatical metaphor is a substitution of one grammatical structure by another, e.g. "his discovery" instead of "he discovered". In this example, the lexical items change in function but not in meaning. Grammatical metaphor involves a type of metaphorical movement. For example, a clause changes into a noun phrase or an adverb changes into an adjective. In contrast to lexical metaphor, grammatical metaphor is, in fact, an alternative grammatical resource in language expressing the same meaning in another form or structure. Note the following examples:
1. We could not investigate the ribosomes until the EM was developed.
1a. The investigation of ribosomes had to await the development of the EM. Halliday (1998) maintains that a clause is the most common form by which a process is normally expressed. However, this process can metaphorically be expressed by means of a noun phrase. In fact, the grammar's potential for nominalizing, turning verbs and adjectives into nouns, is exploited to transcategorize, i.e. to derive one grammatical category from another (Randaccio, 2004) . Nominalization is the most common type of grammatical metaphor used in language, particularly in the language of science. Scientific discourse is a highly nominalized discourse because nominalization can be used for categorization and taxonomic organization. This grammatical metaphor can be used for reasoning and logical progression (Randaccio, 2004) . According to functional linguists, nominalization is one of the primary means of creating grammatical metaphor which affects the expression of written English. The use of nominalization in scientific articles helps to condense information. Thus, in addition to saving the writer from repeating long descriptions, this linguistic device reduces longer phrasal constructions, making scientific language more compact, more functional. Nominalizations produce a greater concentration of the experiential meaning and a smaller incidence of interpersonal elements, such as personal pronouns and modal verbs, thus presenting information in a less personalized way (Taverniers, 2004 ) . Furthermore, nominalization contributes to the formality of the text. This, in turn, leads to the text lexical density, as claimed by Ure (1977) . Hence, nominalization and lexical density both affect the formality of the text to a great degree. Consider these examples:
Nominalization
The association between spontaneous hypoglycemia and mortality was eliminated after adjustment for comorbidities.
In this sentence, the process 'associate' becomes a thing 'association'. The verb associate is nominalized.
These findings highlight that clarification is needed to guide choice of antithrombotic therapy for patients with both atrial fibrillation and acute myocardial infarction.
In this example, the processes 'clarify' and 'choose' become things 'clarification' and 'choice'. The verbs 'clarify' and 'choose' are nominalized.
A subtype of scientific discourse is the language used in medical texts and articles. As the use of nominalization varies in different types of scientific discourse (i.e., engineering, physics.), this study intends to investigate the use of the nominalization as the subcategory of the grammatical metaphor and lexical density in the abstract sections of medical articles written by native English writers and their Persian counterparts.
Review of the literature
The studies on the use of grammatical metaphors in scientific discourse have come to interesting conclusions in the relevant literature. Gotti, M. (2002) analyzed a sentence taken from Newton's Treatise on Opticks: "Now those colors argue a diverging and separation of the heterogeneous rays from one another by means of their unequal refractions." and concluded that the better flow of discourse and inclusion of more information in this sentence is due to the process of nominalization. In this regard, Randaccio, M. (2004) in her analysis of scientific discourse comes to the conclusion that the concept of grammatical metaphor is not a simple rewording of another form or structure. She maintains that when there is a shift in the metaphoric mode, grammar, in fact, creates new meanings. She continues that a grammatical metaphor gets into a text instantly for immediate requirement of a discourse. This grammatical metaphor may then become a systematic construct, i.e. something for the long-term requirement of the discourse. Furthermore, Vu Thi, M. (2012) in his MA thesis on the use of grammatical metaphor in English pharmaceutical discourse, finds out that English pharmaceutical discourse authors used grammatical metaphors in a large proportion of papers with a high frequency. In fact, 95.45% of the clauses analyzed by the researcher has shown evidence of grammatical metaphor. The researcher comes to the conclusion that English pharmaceutical authors mostly make use of ideational grammatical metaphor. David Banks (2005) has also explored the origin of nominalization in scientific writings. He maintains that although nominalization is a common feature of scientific style nowadays, it has not always been the case. He further argues that different scientific branches, e.g. biological and physical sciences, present dissimilar characteristics in their use of nominalization. He attributes this difference in the increased use of nominalizations between various branches of science to their contexts. However, he finds that the trend is towards an increased use of nominalizations in scientific discourse. Susana Briones and her colleagues (2003) in their analysis of grammatical metaphors in scientific English maintain that language and science go together and when one learns science, they create a language to codify, extend and transmit scientific knowledge. Finally, they argue that nominalization in general and grammatical metaphors in particular are far from being arbitrary features. They are, in fact, essential resources through which scientific discourse is constructed. In another comparative study by GAO Wenyan (2012) on the use of nominalization in medical papers by native speakers of English and Chinese writers of English medical papers, the researcher notices that Chinese writers do not use nominalization as frequently as native English writers. Investigating the frequency of the use of nominalization in medical papers and examining the lexical density in those papers, Wenyan (ibid) comes to the conclusion that metaphorical expression is more characteristic of the language of native English speakers than those with English as a second or foreign language like Chinese. The definition of lexical density given by Halliday is "the number of lexical items, as a proportion of the number of running words" (Halliday1985:64). Yvonne Tsai (2013) in a study concerning the analysis of patent abstracts mentions that lexical density can be used as an indicator of text type by measuring the number of content words used in a text. It is concluded that written texts are more formal than spoken texts, and thus it is reasonable to assume that written texts are lexically denser than spoken texts. Technical texts and especially the science texts are texts with a heavy information load. For this reason, the lexical densities of scientific texts may be considerably higher, depending on how lexical items are distributed in the grammatical structure.
Method
As the purpose of the study was to compare and investigate the use of nominalization and lexical density in medical papers produced by native English writers and their Persian counterparts, the abstract sections of 40 authentic articles in the field of medicine, drawn from influential journals, were chosen for analysis. Twenty of the English articles were written by native English authors and 20 by Persian writers. The abstracts were selected through a random selection written in 2010 through 2013. Thus, all of the abstracts had an equal and independent chance of being selected. The medical journals from which the native English speakers' abstracts were selected were The American Journal of Medicine (2010 Medicine ( -2013 and British Journal of Medicine and Medical Research (2010-2013) and the journal from which the abstracts written by Persian authors were selected was Iranian Red Crescent Medical Journal (2010-2013).
The reason why the abstract section was chosen was that this part of any article contains the most compact information. The abstract, in fact, is the densest section of any article, so the use of nominalization in this part is more likely.
First, the frequency of the occurrence of nominalization and level of lexical density in each text were assessed. The frequency of nominalization was obtained through the division of nominalization by the total words in the whole text. A frequency of 1/13 for example means that nominalization occurs on average once every 13 words of the text. This method has already been used by researchers for this purpose (Wenyan, 2012) . Lexical density was measured by the number of lexical items divided by the number of ranking clauses. Lexical density isa matter of degree, i.e., it is meaningful when compared with lexical density in another text. This procedure was followed for all medical papers written by native English and Persian writers. The frequency of the occurrence of the nominalization and lexical density for the native English writers was then compared with that for Persian writers, both qualitatively and quantitatively. Some examples of lexical density are as follows:
1 a: Decreases of TC, LDL and TG may be related to tomato antioxidant effect. This course in human required more investigations.
In these sentences, the nouns 'decreases' and 'investigation' derived from the verbs 'decrease' and 'investigate'.
(Lexical density= 4.5; 9 lexical items and 2 ranking clause)
The above sentence would be written as follows if the writer used the congruent version (i.e., the version in which grammatical metaphors, and hence nominalization are absent.
1b: If TC, LDL and TG decrease, this may be related to tomato antioxidant effect. Scientists should investigate this course in human.
(Lexical density= 3; 9 lexical items and 3 ranking clauses)
In the above example, the lexical density of 1a is higher than 1b. Therefore, example 1a is a more formal sentence.
Tomato and tomato paste supplementation decreased TC, LDL and TG concentration significantly (P < 0.05) compared to chole group.
In the sentence above the verbs 'supplement' and 'concentrate' are changed to nouns supplementation and concentration; in other words, they are nominalized.
(Lexical density= 10; 10 lexical items and 1 ranking clauses)
Over the past decades, a considerable interest has developed in the identification of genes that contribute to the etiology of orofacial cleft.
In this example the verb 'identify' has been changed to noun, i.e., it is nominalized.
(Lexical density= 5.5; 11 lexical items and 2 ranking clauses)
Results

4.1The Frequency of the occurrence of Nominalization in Each Text
To obtain the frequency of nominalization, we need to divide the number of nominalization by the number of total words in the whole text. Table 1 displays the frequency of nominalization used by the native English writers in the field of medicine. As we can see, English native writers tend to make use of nominalizations frequently in their medical articles. Moreover, Table 2 displays the trend of using nominalizations by Persian writes of medical articles. Lexical density 8 9.7 9 10.4 9.7 9 10.6 10.6 10 9
A comparison of the Tables 3 and 4 reveals the higher level of lexical density used by the former than that by the latter.
Discussion
As the purpose of this study was to compare the use of nominalizations and level lexical density used in medical articles by English native speakers and their Persian counterparts, the abstract sections of 40 English articles (20 written by English writers and 20 by Persian writes) were selected for data analysis. The analysis showed the more frequent use of such structures with higher level of lexical density by English writers. The findings of our study are in compliance with what Wenyan (2012) has found. In his study, Wenyyan found out thatin spite of the crucial role of nominalization in the cohesion and coherence of medical papers and the improvement of formality and the removal of ambiguity, Chinese academic writers in the field of medicine did not use nominalizations as frequently as native English writers. Our study showed that the Iranian academic writers in the field of medicine used fewer cases of nominalization than their native English counterparts. As Wenyan argues, it seems that the use of metaphorical expressions is more typical of the language of native English speakers than those with English as a second or foreign language like the Chinese or Persian academics. This might be due to the fact these learners are not as fluent and competent in English as the native speakers. In line with this, Thompson (2000) argues that as nominalization plays an important role in encapsulating the information, writers can contain a large amount of information in a comparatively small place through nominalization. Those who have a good command of a language can do this more easily and more conveniently. The finding may suggest that English writers tended to use more cases of nominalizations in their articles. Likewise, Vu Thi Mau (2012) has found that the use of nominalization is a typical feature of pharmaceutical discourse produced by English writers.
As is shown in Tables 3 and 4 , the abstract sections by Iranian writers have lower lexical density than those of native academic writers. This is mostly due to the fewer cases of nominalizations used by Iranian writers. In other words, in medical articles written by Iranian authors, there are more ranking clauses to share the lexical items. In fact, when one masters the language, he/she can combine two or more grammatical structures in one nominal group. That is why we can find a far higher density of lexical items in the written language by natives. As we have found, the second/foreign language writers who do not have a good command of the language do not make use of this strategy. Generally speaking, in formal written language, there are fewer clauses; in other words, two or more grammatical structures are combined in one nominal group. Halliday (1998) argues that the written language is typically more complex because it is lexically dense. This notion reveals the fact that lexical items are found at a far higher density in the written language than in the spoken language. Thus, we can conclude that scientific writings have the high formality because of the high level of lexical density and nominalization.
Conclusion
As our findings showed Iranian researchers used nominalization less frequently than their English counterparts. This may be responsible for the difference found between natives' and non-natives' writing. That is, one feature affecting the writing of non-natives sounds odd is the absence of or sparse use of nominalization in their writing. This necessitates a revision of the academic writing courses to medical students and the inclusion of genre analysis of medical papers with particular emphasis on their grammatical metaphor in the form of nominalization.
